Introduction
dynamin-regulated delivery of CT-b from the tubular carriers to the Golgi and not internalization at the cell surface questioning the extent to which CT-b is internalized via caveolar and dynamin-dependent raft endocytic pathways
.
Cav1 over-expression prevents internalization of raft-dependent ligands such as CT-b, albumin, dysferlin and autocrine motility factor [15, [18] [19] [20] [21] [22] . Cav1 expression may negatively regulate raft-dependent endocytosis by sequestering ligands and their receptors in stable cell surface caveolae [3, 15, 20] . However, we recently demonstrated that Cav1 expression below the threshold required for caveolae formation can suppress EGFR signalling and cell surface diffusion of both EGFR and CT-b describing a regulatory function for Cav1 independently of caveolae [23] . Mammary [23, 24] . In this cell model, oligomerized Cav1 microdomains, independently of caveolae formation, were found to be sufficient to impose growth restrictions on cells deficient for Mgat5 [23] . 
Here, using these cell lines, we show that Cav1 regulates the dynamin-dependent, raft-mediated internalization of CT-b under conditions where it is not associated with caveolae formation.

Materials and methods
Cell culture
Results
Reduced Cav1 increases dynamin-dependent, raft-mediated endocytosis of CT-b to the Golgi
As previously reported [23] (Fig. 3A and B) .
Uptake of CT-b in Mgat5 Ϫ/-cells following Cav1 siRNA treatment was dynamin-and cholesterol-dependent and clathrin-independent (Fig. 3C) showing that Cav1 is negatively regulating the raftdependent endocytosis of CT-b. The fact that reduction of Cav1 levels in Mgat5
Ϫ/-cells, lacking caveolae [23] , increases CT-b uptake demonstrates that Cav1 regulates raft-dependent endocytosis independently of caveolae. Golgi at an intracellular site [11, 15] .
Cav1 regulation of CT-b endocytosis occurs indirectly at the cell surface
CT-b has been shown to follow a two-step path to the Golgi apparatus via caveosomes with dynamin blocking CT-b delivery to the
We therefore established whether inhibition of CT-b endocytosis by dynamin and Cav1 occurs at the cell surface or intracellularly. After incubation with CT-b-FITC at 37ЊC, cells were acid washed to eliminate any cell surface label and intracellular CT-b-FITC measured by flow cytometry. CT-b-FITC labelling at 4ЊC provided a control for efficacy of cell surface removal of CT-b-FITC by acid washing and use of the same conditions on clathrin-dependent transferrin (Tf) uptake showed specificity for raft-dependent endocytosis (Fig. 4). m␤CD treatment and over-expression of Cav1 and dynamin K44A completely inhibited cellular uptake of CT-b to levels observed at 4ЊC. Conversely, infection with the clathrin hub adenovirus did not impact on intracellular accumulation of CT-b-FITC but did block
Tf-FITC uptake (Fig. 4B) .
No significant colocalization was observed between Cav1 and CT-b either in caveolae-expressing Mgat5
ϩ/ϩ cells or in Mgat5
cells expressing oligomerized Cav1 microdomains but not caveolae (Fig. 5). Although some co-localization between CT-b and Cav1 could be observed in Mgat5
Ϫ/-ESC cell transfected with Cav1- (Fig. 5) . [15] . This study therefore further highlights the varied routes of endocytosis followed by CT-b in different cell types (reviewed in [4] (Fig. 4) . Alternatively, Cav1 may function as a store of lipid raft components such as cholesterol or sphingolipids that may be released under specific conditions [34] . Indeed, cholesterol and glycosphingolipids can over-ride Cav1-dependent negative regulation of the caveolar uptake of lactosyl ceramide [21] and plasma membrane sphingomyelin is required for CT entry into cells [35] . Cav1 is a cholesterol-binding protein [36] and its sequestration of cholesterol may impact on the functionality, including the endocytic potential, of non-caveolar raft domains. Indeed, whether raft domains are small, transient and dynamic or exist as a continuum [37, 38] 
mRFP, the fact that the inhibition of CT-b endocytosis by Cav1 over-expression was not associated with recruitment of CT-b to cell surface Cav1 domains is indicative of an indirect effect of Cav1 on CT-b endocytosis
Discussion
In the mammary epithelial tumour cells used here, CT-b is shown to be internalized predominantly via a cholesterol-and caveolin-1-sensitive, dynamin-dependent raft pathway. Inhibition of CT-b endocytosis by m␤CD, the dynamin K44A mutant and Cav1 was shown to occur at the plasma membrane. This suggests that CT-b internalization in these cells follows an endocytic route different from the dynamin-independent pathway involving tubular intermediates reported in MEFs
